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ABITIACT 


TWO  Mthods  of  oolvtlOB  aro  appliod  to  tho  problM  of  tho 
roopoaso  of  a  thiak  wallad  cyllndar  with  nanhaaotanwoua  atraia- 
dapaadaat  aad  thua  ooa-liaaar  alaatle  propartlaat  oao  aathad  la 
aa  appllcatloa  of  partorkatloa  thaory;  tha  othar,  aa  Itaratlwa 
aaaarleal  aekawa  ualag  flalta  dlfforaaea  approKlaatloaa.  lha  affaeta 
of  aoallaaarlty  aad  tha  rafloa  of  validity  af  tha  aalutlaaa  ava 


dlacaaaad 
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Introduction 


Rncantly  th«r«  has  bean  a  graat  deal  of  intareat  in  tha  machanical 
rasponsa  of  alastlc  bodlas  %<ho8a  aatarial  propartlas  ara  not 
hoDoganaous,  but  strain«dapandant.  Ihis  intarast  has  baan  an  outgrowth 
of  both  tha  davalopaant  of  naw  awtarlals  and  tha  straining  of  convantlonal 
onas  to  hlghar  limits.  It  Is  tha  purposa  of  this  raport  to  Invastlgata 
tha  affacts  of  small  non»llnaarlty  on  tha  statas  of  shaar  and  strain 
In  a  thick  wallad  cyllndar  of  Infinite  length  (plana  strain). 

The  response  of  an  alastlc  matarlal  may  ba  described  by  Its 
shaar  modulus,  6,  and  Its  bulk  awdulus  K.  For  this  paper  It  Is  assumed 
t  hat  tha  bulk  modulus  la  a  linear  function  of  tha  dilatation,  £ttn  , 

/<  = (1) 

and  that  tha  shaar  modulus  Is  linearly  related  to  the  second  devlatorlc 
strain  Invariant,  I'g  (1]> 

G-G,(l-eIi)  (2) 

where 

I’2  - 1/2  ey  CiJ 

in  idilch  ffy  Is  tha  devlatorla  strain  tensor, 

^ij  -  <^ij  “  ^ 

Iha  Infinitesimal  strain  tensor  may  be  aspressad  in  terms  of 

tha  displacements,  Uj  , 

i( “'V  *  ^j'') 
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and  the  summation  convention  for  repeated  Indlcles  Is  employed 


Many  derivations  of  general  stress-strain  relationships  are 
available  In  the  literature  [2,31*  discussion  here  will  be  limited 

to  the  observation  that  the  relationships  selected,  Eqs.  (1)  and  (2), 
describe  a  material  which  Is  softening  under  Increasing  shear  strain 
(I'g  Is  always  positive  and  C  and  0(  are  assumed  to  be  positive 
constants)  but  may  either  soften  or  harden  with  regard  to  voltime  strain 
depending  upon  the  sign  of  the  dlletetlon  &kk  •  If  euch  a 
material  Is  subjected  to  an  uniaxial  state  of  stress  (as  In  a  tension 
test) various  stress-strain  relations  may  be  obtained.  Fig.  1  shows 
such  a  group  of  different  stress-strain  diagresM  computed  with  the 
use  of  Eqs.  (1)  and  (2). 

It  should  be  noted  that  idiile  it  is  the  purpose  of  this  report 
to  discuss  "small"  nonlinear it las,  which  is  in  fact  implied  by  the 
form  of  Eqs.  (1)  and  (2),  It  is  possible  to  produce  "large"  non¬ 
linear  Itles  by  proper  selection  of  the  parameters  involved. 

The  analysis  of  the  response  of  a  nonlinear  thick  walled  cylinder 
(plane  strain)  enclosed  in  a  linear  elastic  thin  case  (see  Fig.  3) 
subjected  to  an  internal  pressure  p^  can  be  based  on  the 

equilibrium  equation  expressed  in  terms  of  the  displacement  components. 
Ihc  relations  between  the  principal  non-sero  components  of  stress  and 
strain  are  written  in  the  form 

(X  *  f6)£r  -!■  (K-fG)£, 

Oi  =  (X-jG)  €r  ■*  (X  +  f0)  £, 

Oi-  (X-fG)(£r^£t) 


(5) 
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1h«  strain  dlsplaeaiMnt  ralatlons  art 


f  S0  *  "pr 

whara  u  danotaa  tha  radial  dlsplacaaant  eosponant. 
in  taras  of  tha  displacaaant 


a 


a 

*r  r 


) 


I'g  and 


U. 


r 


(4) 


(5) 


Iha  aquilibriua  aquation 

'‘O'r.r  + 

asprasaad  in  taraa  of  tha  diaplacaaant,  U  ,  baeoaaa 

(K*fG)(ru,„  ■^U^-ji)*K^(ru^*u)*a^(fru,^-fu)~0  Cr) 

for  tha  ralavant  boundary  conditions.  Methods  of  solution  of  this 
aquation  will  now  ba  disccusad. 


2.  Parturbation  tmUmiguaa 

Parturbation  tachniquas  (It']  hava  baon  shown  to  ba  usaful  in  tha 

solution  of  nonlinaar  diffarantial  aquations  and  othar  problaas  ($). 

lhair  application  iovolvas  oj^ansion  of  tha  dlsplacaaant  in  taras  of  a 

paraaatar  C  which  gormraa  tha  asKMint  of  nonlinaar Ity. 
m 

Z  (8) 

Introducing  Iq.  (8)  into  Iq.  (7)  and  aquating  tha  coaffieianta  of  aaeh 
powar  of  C  to  saro  tha  diffarantial  aquation  for  aaeh  tara  U«,  is 
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determined.  For  end  (JL,  It  te  found  thet 


(9) 


or 


(10) 


end 


^.r  r' ^  T '*’  * 


or 


U,=  -a.cf  f'A  *  -  *,f  -  it 

(3K.  +  4G.)  ^ 

where  c,  Cg,  k,  end  ere  conetente  to  be  determined  from  the  boundary 
conditions. 

Equation  (8)  together  with  Bqs.  ($)  provide  axpane ions  for  the 
stresses  in  terms  of  the  parameter  e. 


(12) 


•ISO 

or,  swre  explicitly. 


<5-  oX”  *  CO-;"  * 

• + */6.f 

(l-0i*Ve({‘’Vc‘<5‘‘V...  ~(K.-§6,)eSi  *• 

■ + c{ (K.-  §G.)e^*  (-«K  eZ’*ioXV  ££}-^‘‘ {■}*•■■ 


U 


Sine*  th«  boundary  condiclona  ar«  indapandant  of  e,  tha  condition  that 


Cf  *  -/i  at  r»a 


loads  to 


<’•>  s  - 


A 

O  ftr-  n>0 


} 


at  rm  a 


whlla  tha  condition  that 

u£.t 


laada  to 


_ Um€t 

-  rifcn 


ai  rmt 


at 


AY/-V*J 

wharo  and  V  ara  fcmnt'r  aodulua  and  Poiaaon's  ratio  for  tha 
thin  ovtor  caaa. 

A  nuabor  of  nuaarieal  asaaplaa  warn  ealculatad  kaoping  only  tha 
firat  two  toms  in  aach  aarioa  oapanaion.  Figuraa  2,  3,  b,  and  3  ■bow 


««/  and  ^ 

ba  ahown  that  thia  axaapla  corroapooda  to  rathor  largn 


tha  rasulta  of  ona  such  calculation  in  which 

«mf  and 


^fOO, 


and  c  vary  aa  Indicatod.  It  will 

ilinoarity  and 

in  thia  Sanaa  ia  ■laloading,  (aoa  saction  k). 


5»  Itarativo  llunarical  Solutions 

lha  advantaga  of  tho  provious  nothod  of  aolution  is  that  it  providas 
an  analytic  solution  with  rolativaly  littla  nuaarieal  work.  Ona  of  tha 
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disadvantagM  la  that  whan  only  two  tarms  ara  ratalnad,  tha  raaulta  are 
only  valid  for  "small"  nonlinearity. 

In  this  section  an  iterative  proceedure  is  presented  using  finite 
difference  methods.  This  proceedure  is  useful  as  a  check  on  the  range 
of  validity  of  the  previous  sMthod  and  also  useful  in  itself  as  a 
solution.  It  is  briefly  outlined  below. 

1.  The  solution  for  the  displacament  is  approximated,  using 
the  solution  for  the  linear  elastic  thick  walled  cylinder  without  an 
outer  shell. 


2.  This  approximation  ia  used  to  compute  the  terms  in  Bq.  (7) 
idiich  involve  the  elastic  constants,  thus  linearising  tha  aquation. 

3.  Bq.  (7)  is  then  solved  as  a  linear,  ordinary  differential 
equation  with  the  aid  of  finite  difference  techniques.  This  solution 

is  new  used  in  place  of  step  1,  and  steps  2  and  3  ara  subsequently  repeated. 

k.  The  proceedure  is  stopped  when  the  results  have  ecmvarged 
sufficiently  well. 

Appendix  1  presents  a  Fortran  (6]  program  for  this  proceedure  which 
was  used  on  the  IBM  1620  digital  computer  at  the  Bnginearing  Ceaq>uting 
Center  of  Columbia  (feiiversity.  First  the  input  data,  ^  ■'MC,  C,  ^  , 

number  of  divisions  used  in  the  finite  difference  solution  (multiplee 
of  10),  and  ^ Q  *  printed;  namt  the  radius 

^  *  LA 

-jj  and  the  first  approxiaation  for  the  displacament  at  that 

point  are  printed  for  a  number  of  points ;  this  is  followed  hy  more 

radius-displacament  pairs  from  each  iteration  if  sense  switch  1  ia  on 

(if  sense  switch  1  is  off  the  iterations  are  not  printed)  followed  by 


6 


th«  nuabar  of  Ch«  Itorafclon  in  any  eaaa;  finally  aansa  awiteh  2  on  or 

off  daeaminaa  whathar  or  not  tha  itaratlon  ia  atoppad.  If  tha  itaratlon 

la  atoppad,  tha  final  valuaa  of  ^  «  ond  ^ 

6  *  6  *  /I  *  ’  /o 

ara  printad  for  a  niaabar  of  polnta. 

Tha  raault  of  aoma  niaaarical  conputationa  ia  ahown  on  Fig.  2*9 
togathar  with  tha  raaulta  of  tha  parturbation  aolution.  For  tha 
axaapla  ahown  forty  diviaiona  wara  uaad  in  tha  finita  diffaranca  aolution. 
lha  eoaputar  running  tlaa  for  aach  itaratlon  waa  about  two  ainutaa. 

Ihia  incraaaad  to  about  thraa  ainutaa  whan  fity  diviaiona  wara  uaad. 

Convarganca  of  thla  itarativa  proeaadura  ia  not  alwaya  inaurad 
(a  eoaaon  problaa  in  nonlinaar  bAavior)  but  it  waa  obaarvad  in  all 
eaaaa  that  by  daeraaaing  tha  nonlinaarity,  i.a.  daeraaaing  c, 
convarganca  could  ba  obtainad. 

k*  Diacuaaion  of  >aaulta 

It  ahould  ba  notad  that  tha  asaaplaa  in  Figa.  2*9  ara  not  in  tha 
region  of  "aaall"  nonlinaarity.  For  axaapla,  tha  awallaat  nonlinearity 
ahown.  haa  an  avaraga  K  of  about  aaventy  parcant  of  K^.  Iliila  thia  aaount 
of  nonlinaarity  ia  raquirod  to  produce  aignif leant  ehangaa  in  tha  quantiti 
calculated,  it  ia  actually  beyond  tha  range  of  validity  of  tha 
perturbation  aathod.  Ihia  accounta  for  tha  lack  of  agreaBont  batwaan  tha 
parturbation  aolution  and  tha  itarativa  aolution.  On  tha  baaia  of  tha 
nuaarical  analyaia  parforaod  it  ia  apparent  that  "aaall**  nanlinaaritiao, 
%fhieh  caaua  laaa  than  10)(  change  ia  tha  alaatia  eonatanta  do  not 
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significantly  effact  tha  stress  field. 

The  affect  of  tha  nonlinearity  is  to  decrease  tha  tangential  stress 
at  the  Inside  surface,  an  effact  observed  In  an  elastic  plastic  thick 
walled  cylinder  and  also  In  soae  nonhomogenaous  problaiss  (?).  Other 
effects  Include  a  general  softening  of  the  naterlal  end  a  corresponding 
redistribution  of  stress  between  the  thin  outer  shell  and  tha  cylinder. 


e 
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DIMENSION  R(53} ,U(53) .0(53) ,E(53) ,F(53) 

12  READ,T,AKOG,A,B,POG,DIV,SHELL 
PRINT, T»AK0G,A,B,P0G,DIV  , SHELL 
AHOB-(1.-T)/DIV 

C8aO« 

M-DIV-i-3. 

13  DO  15  1-1 ,M 
Z8-I-2 

14  R(I)-T+(Z8  )*(1.-T)/DtV  .  ,  .  » 

U( I )-POG*.5*( 1 . /R( I )+R( I )/( .33333333+AKOG) )/( 1 . /( T*T)-1 . ) 
Y8-Z8-C8*,1*DIV 

IF  (Y8)15, 96,96 
96  C8-C8+1 . 

PRINT-R(|),U(l) 

15  CONTINUE 


1-1 

16 

\l 

19 

20 


K-2 
L— 1 

DU-.5  *(U(K+1)-U{K-1))/AHOB 

AI2-(-DU*0U+0U*U(K)/R(K)-U(K)*U(K)/{R(K)*R(K))) 
„  G-1.+B*AI2*.33333333 
AK-AKOG*(  1  DU-KJC  K)  /R(  K)  )  ) 

IF  (L)  21,21,55 

21  DOU-  (U(K+1)+U(K-1)-2.*U(K))/(  AHOB*AHOB  ) 

22  G1-0DU*(U(K)/R(Kj~2.*0U) 

23  G2-( DU-U( K) /R( K) )★( DU-2.*U( K) /R( K) ) /R( K) 

24  DG-B*.33333333*(G14G2) 

25  DAK-AKOG*A*((DU>U(K)/R(K))/R(K  )40DU) 

26  IF  (L)  27,33.62 

27  DM  -(AK+1.333333333*6)*.5/AH0B 

28  FmJ-(AK-.66666666*G)/R(2 

29  E-M)— DM) 

N-M-1 

30  DO  37  K-2,N 

31  L-0 

32  GO  TO  IB 

33  F1-AK+1.33333333*G 

34  F2-.5*R(K)*(DAK+1.333333333BW 


3 

11 

n 


F 
E 
D 
E(M 
D(M 


-R(  k1*2'^/(  AHol*AHOB)  ^  ^ /R(  K)  )-.66666666*D6+DAK 

’ . .  -  -,5)-F2)/AH0B 


K)- 

K  -F1*(  _  . 

kJ-  (F1*(R(K)/AH0B 

-( AK+1 533|3|||3*6)*.5/AH0B 
-Uk-.66666666*G)/R(N  )-t>SHELL 
F(M  1--E(M  ) 

-0(M 


41  E(N)-E(N)-0(M)*F(N)/E(M) 
D(N)-D(N)-F(M)*F(N)/E(M) 

42  D043  K^3,N 
J-H-K.+1 

43  E(J)-E(J)-D(J+1)*F(J)/E(J+1) 


E. 

44 

45 

46 

47 


U(n— POG/EM) 
DO  46  K-2,N 


IF  fSENSE  SWITCH  1)  48.51 


(M)*U{N))/E(M) 


FIG.2 


FIG.  5 
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McGregor,  Texas 
Attn:  S.C.  Britton 

Rohm  and  Haas  Company 
Redstone  Arsenal  Research  Division 
Huntsville,  Alabama 
Attn:  A.J.  Ignatowskl 

Space  Technology  Laboratory,  Inc. 
^730  Arbor-Vltae  Street 
Los  Angeles  k3,  California 
Attn:  W.G.  Gottenberg 

Stanford  Research  Institute 
Menlo  Park,  California 
Attn;  Dr.  T.L.  Smith 

Thlokol  Chemicals  Corporation 
Redstone  Division 
Hunstvllle,  Alabama 
Attn;  M.H.  Cooper 

United  Technology  Corporation 
P.O.  BOX  558 
Sunnyvale,  California 
Attn:  Dr.  Iwanciow 

Dr.  F.  Lavacot 

Solid  propellant  Information  Agancy 
APL/JHU,  6621  Georgia  Avenue 
Silver  Spring,  Maryland 
Attn:  M.T.  Lyons 


PART  III  -  Activities  and  Contractors  -  Concerned  with  Propellant  Mechanlce 
Government 


Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  2^,  D.C. 

Attn:  Code  459  (3) 

Code  411 

Comnandlng  Officer 
Cognizant  ONR  Branch  Office 

Armed  Services  Technical 
Information  Agency 
Arlington  Hall  Station 
Arlington  12,  Virginia  (10) 

Office  of  Technical  Services 
Department  of  Commerce 
Washington  23,  D.C. 

Director  of  Defense  Research  and 

Engineering 

The  Pentagon 

Washington  23,  D.C. 

Attn:  Technical  Library 

Advanced  Research  Projects  Agency 
Defense  Research  and  Engineering 
The  Pentagon 
Washington  23,  D.C. 

Attn:  A.M.  Rubensteln 

Director,  Special  projects 
Department  of  the  Navy 
Washington  23,  D.C. 

Attn:  spool  (Dr.  J.P.  Craven) 
SF271(lCDR  R.L.  NcArthy) 

Chief,  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Washington  23,  D.C. 

Attn:  RRRI>6  for.  C.  Boyars) 

RMMP-2  (Dr.  O.H.  Johnson) 
RMNP-ll(llr.  I.  Silver 

Conaander 

Air  Force  Flight  Test  Center 
Edwards  Air  Force  Base,  Californis 
Attn:  FTRS 

Commander 

Ogden  Air  Material  Area 
Hill  Air  Force  Base,  Utah 
Attn:  oaMQOC,  H.A.  Natls 


Commander 

Air  Force  Office  of  Scientific  Research 
Washington  23,  D.C. 

Attn:  Mechanics  Division 

Commanding  General 
Aberdeen  Proving  Ground 
Maryland 

Attn:  Ballistic  Research  Labs. 

0RDBG>BL1 

Commander 

Army  Rocket  and  Guided  Missile  Agency 
Redstone  Arsenal,  Alabaiaa 
Attn:  Technical  Library 

ORDXR-OTL 
ORDAB-HSI 

Department  of  the  Army 
Office,  Chief  of  Ordnance 
Washington  23,  D.C. 

Attn:  OROTB,  J.A.  Chalmers 

Director 

Plastics  Tech.  Bval.  Center 
Plcatlnny  Arsenal 
Dover,  New  Jersey 

U*S*  Army  Research  Office 

2127  Myx'ble  Drive 

Duke  Station 

Durham,  North  Carolina 

Attn:  Div.  of  Engineering  Sciences 

Chief  of  Naval  Operations 
Department  of  the  Navy 
Washington  23,  D.C. 

Attn:  Op  07T 

Op  03SG 

Quality  Evsluation  Lsboratory 
Naval  AsMunition  Depot 
Concord,  California 
Attn:  D.R.  geathers 

U.8.  Naval  Ordnance  Laboratory 
Non  Matallic  Natarials  Division 
Silver  Spring,  Maryland 
Attn:  H.A.  Parry,  jr. 

U.8.  Naval  ordiunca  Tast  Station 
China  Laka,  California 
Attn:  J.T.  lartling 


U.S.  Naval  Propellant  Plant 
Indian  Head,  Maryland 
Attn:  J.  Browning 

L.  Papier  (L ) 

Office  of  Naval  Research 
Branch  Office 
U95  Summer  Street 
Boston  10,  Massachusetts 
Attn:  Dr.  J.H.  Pauli,  Jr. 

National  Aeronautics  &  Space  Adm. 
1570  H  Street,  N.W. 

Washington  25,  D.  C. 

Attn;  Chief, Dlv.  of  Research 
Information 

Contractors 


Atlantic  Research, Inc. 

Shirley  Highway  and  Edsall  Road 
Alexandria,  Virginia 
Attn:  M.G.  OeFrlea 

Battelle  Memorial  Institute 
505  King  Avenue 
Columbus  1,  Ohio 
Attn:  J. Harry  Jackson 

Brown  University 
Division  of  Applied  Mathematics 
Providence  12,  Rhode  Island 
Attn:  Prof.  E.H.  Lee 

Prof.  R. S.  Rlvlln 

University  of  California 
College  of  Engineering 
Berkeley  U,  California 
Attn:  Prof.  Paul  M.Naghdl 

Catholic  university  of  Rmerlea 
Department  of  Civil  Engineering 
620  Michigan  Avenue,  N.E. 
Washington,  D.C. 

Attn:  Prof.  A.J.  Durelll 

Columbia  University 
Department  of  Civil  Engineering 
Amsterdam  Avenue  &  120th  Street 
New  York  27,  Mav  York 
Attn:  Prof. A. M.  Freudenthal 


Materials  Technology,  Inc.  | 

11  Leon  Street  | 

Boston  1^,  Massachusetts  i, 

Attn:  Dr.  R.G.  Cheatham  I 

New  York  University 

Depart,  of  Aeronautical  Engineering 

University  Heights 

New  York  53,  New  York  * 

Attn:  Prof.  H.  Becker  ; 

University  of  Pennsylvania  *  i 

Graduate  Division  of  Engineering  Mechanics 
Philadelphia  U,  Pennsylvania 
Attn:  Prof.  z.  Hashln 

Polytechnic  Institute  of  Brooklyn 

335  Street  } 

Brooklyn  1,  New  York 
Attn:  Rrof.  P.  Romano 

Prof.  J.  Klosner 
Prof.  P.  Ullman 

Southwest  Research  Institute 
8300  Culebra  Road 
San  Antonio  6,  Texas 
Attn:  Dr.  R.C.  DeHart 

Central  Laboratory  T.  H.  0. 

13^  Jullanalaan  I 

Delft,  Holland 

Attn:  Dr.  P.  Schwarzl 

Aerojet-General  Corporation 

Solid  Rocket  Plant 

Sacramento,  California 

Attn:  Dr.  W.O.  Wetmore  (2) 

Aerojet-General  Corporation 
P.O.  Box  1168 
Sacramento,  California 
Attn;  A.  Fraser 

L.H.  Linder 

Amcel  Propulsion,  Inc. 

Box  3OU9 

Asheville,  North  Carolina 
Attn:  R.N.  Lowrey 

American  Cynnamld  Company 
1937  West  Main  Street 
Stamford,  Connecticut 
Attn:  Dr.  v.  wyetrach 


University  of  California 
Berkeley,  California 
Attn:  Dr.  1C.S.  Plater 

Catholic  Uiiiverslty  of  America 
Department  of  Civil  Engineering 
Washington,  D.C. 

Attn:  J.  Baltrukonls 

University  of  Florida 
College  of  Engineering 
Gainesville,  Florida 
Attn:  J,  Griffith 

University  of  Illinois 
Department  of  Aero  Engineering 
Urbana,  Illinois 
Attn:  Dr.  H.H.  Hilton 

E. 1.  duPont  de  Nemours  and  Co. 
Gibbstown,  New  Jersey 
Attn:  R.D.  Spangler 

Grand  Central  Rocket  Company 
P.O.  Box  111 
Badlands,  California 
Attn:  A.T.  Camp 

Hercules  Powder  Company 
Allegany  Ballistics  Laboratory 
Cumberland,  Maryland 
Attn:  Dr.  R.  Steinberger  (2) 

Jet  Propulsion  Laboratory 
4600  Oak  Grove  Drive 
Pasadena  3,  California 
Attn:  G.  Lewis 

Lockheed  Missile  &  Space  Coaq>any 

1122  Jagels  Road 

Sunnyvale,  California 

Attn:  E.  Luken  (2) 

North  American  Aviation 
Rocketdyne  Division 
6633  Canoga  Avenue 
Canoga  Park,  California 
Attn:  F.  Cramer 

Rohm  &  Haas  Company 
Redstone  Arsenal  Research  Division 
Huntsville,  Alabama 
Attn :  H.  Siuey 


Thiokol  Chemical  Corporation 
Redstone  Division 
Huntsville,  Alabama 
Attn:  Technical  Director 

J.  Wise 

PART  IV  -  Activities  and  contractors 
concerned  with  other  aspects  of 
Elastomer  Mechanics 


Government 


Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 

John  Crerar  Library  Building 
86  B.  Randolph  Straet 
Chicago  11,  Illinois 

Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
346  Broadway 
New  York  I3,  New  York 

Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
1030  B.  Green  Street 
Pasadena,  California 

Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
1000  Geary  Street 
San  Francisco,  California 

Commanding  Officer 
Office  of  Naval  Raaearch 
Branch  Office 

Navy  100,  Pleat  Post  Office 

Box  39  FPO 

New  York,  New  York 

Director 

Naval  Research  Laboratory 
Washington  23,  D.C. 

Aftn:  Tech.  Info.  Officer 

Code  6200 
Code  6210 


(6) 


Chief,  Bureau  of  Ships  Professor  H.H.  Bleich 

Department  of  the  Navy  Department  of  Civil  Engineering 

Washington  25,  D.C.  Columbia  University 

Attn:  Code  555  Amsterdam  Avenue  &  120th  Street 

New  York  27,  New  York 


Professor  R.L.  Bisplinghoff 
Department  of  Aeronautical  Engineering 
Massachusetts  Institute  of  Technology 
Cambridge  59>  Massachusetts 

Chief,  Bureau  of  Yards  &  Docks 
Department  of  the  Navy 
Washington  25,  D.C. 

Attn;  Code  70 

Commanding  Officer  &  Director 
David  Taylor  Model  Basin 
Washington  7,  D.C. 

Attn:  Code  700 

Director 

Materials  Laboratory 
New  York  Naval  Shipyard 
Brooklyn  1,  New  York 

Officer-ln-Charge 

Naval  Civil  Engineering  Research 

and  Evaluation  Laboratory 

U. S.  Naval  Conttructijn  Battalion 

Center 

Port  Hueneme,  California 
Commander 

U.  S.  Naval  Proving  Ground 
Dahlgren,  Virginia 

Commanding  Officer  &  Director 
U. S.  Naval  Engineering  Exparlaant 
Station 

Annapolis,  Maryland 
Superintendent 

U. S.  Naval  Postgraduate  School 
Monterey,  California 

National  Sciences  Foundation 
1520  H  Street,  N.W. 

Washington,  D.C. 

Attn:  Engineering  Scl.  Div. 


Professor  B.A.  Boley 
Department  of  Civil  Engineering 
Columbia  University 
Amsterdam  Avenue  &  120th  Street 
New  York  27,  New  York 

Professor  B.  Budiansky 
Department  of  Mechanical  Engineering 
School  of  Applied  Sciences 
Harvard  University 
Cambridge  38,  Massachusetts 

Professor  G.  F.  Carrier 
Pierce  Hall 
Harvard  Uhiversity 
Cambridge  38,  Massachusetts 

Professor  D.C.  Drucker 
Division  of  Engineering 
Brown  Uni/ersity 
Providence  12,  Rhode  Island 

Professor  j.  Erlcksen 
Mschanlcal  Engineering  DepartsMnt 
Johns  Hopkins  University 
Baltimore  16,  Maryland 

Professor  A.C.  Erlngen 

Department  of  Aeronautical  Enginaaring 

Purdue  University 

Lafayette,  Indiana 

Me.  Martin  Goland,  President 
Southwest  Research  Institute 
8500  Culebra  Road 
San  Antonio  6,  Texas 

Professor  J.N.  Goodler 
Department  of  Nachanlcal  Engineering 
Stanford  Uhiversity 
Stanford,  California 


Professor  P.G.  Hodge 
Department  of  Mechanics 
Illinois  Institute  of  Technology 
Chicago  l6f  Illinois 


Professor  Ell  Sternberg 
Dept,  of  tfechanlcs 
Brown  university 
Providence  12,  Rhode  Island 


Professor  A.S.  Velestos 
Dept,  of  Civil  Engineering 
University  of  Illinois 
Urbana,  Illinois 

Professor  J.  Kempner 

Dept,  of  Aeronautical  Engineering 

and  Applied  Mechanics 

Polytechnic  Institute  of  Brooklyn 

353  Jay  Street 

Brooklyn,  New  York 

Professor  R.D.  Hindi In 
Dept,  of  Civil  Engineering 
Columbia  University 
Amsterdam  Avenue  &  120th  Street 
New  York  27,  New  York 

Professor  William  A.  Nash 
Dept,  of  Engineering  Mechanics 
University  of  Florida 
Gainesville,  Florida 

Professor  N.M.  Newmark,  Head 
Dept,  of  Civil  Engineering 
University  of  Illinois 
urbana,  Illinois 

Professor  E.  Reiss 

Institute  of  Mathematical  Sciences 

New  York  University 

2'y  Waverly  Place 

New  York  3,  New  York 

professor  W.  nrager.  Chairman 
physical  Sciences  Council 
Brown  University 
providence  12,  Rhode  Island 

Professor  B.  Reissner 
Dspt.  of  Mathematics 
Hassachusetts  Institute  of  Technology 
Cambridge  ^9,  Massachusetts 

professor  Bernard  W.  Shaffer  . 

Dept,  of  Mechanical  Engineering 
New  York  University 
University  Heights 
New  Ytork  ^3,  New  York 


Professor  N. J.  Hoff,  Head 
Division  of  Aeronautical  Engineering 
Stanford  University 
Stanford,  California 


